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SUBimT P^APILLOMAVIRUS VACCINE AND PEPTIDES FOR USE THEREIN 

THISS INVENTION relates to a subunit 
papillomaviruss vaccine which is protective against 
5 anogenital hunman papillomavirus (HPV) infection. The 
invention alsoo includes within its scope peptides which 
constitute an ; antigenic component of the vaccine. 

It iis well known (e.g. in "Papilloma Viruses 
and Human Canacer" edited by H. Pfister and published by 
10 CRC Press Incc. in 1990) that papilloma viruses can be 
classified intfco several distinct groups based on the host 
in which they infect. Human papilloma viruses (HPV) can 
be further diif f erentiated into types 1-56 depending on 
DNA sequence homology. Types 16, 18 and 42 are 
15 associated witth the majority of in situ and invasive 
carcinomas whidch may occur in the anogenital tract and in 
particular thee cervix. In this regard, a number of 
cervical intraa epithelial neoplasias and carcinomas of 
the cervix ha^ave been associated with HPV16 and HPV18. 
20 (Lancaster et ; al 1987: Cancer Metast. Rev. £ 653 and 
Pfister 1987. Adv. Cancer Res 48 113). These same two 
references al&so point out that papilloma viruses are 
small DNA virruses encoding up to 8 early and 2 late 
genes . 

25 The ; protein from the expression of the early 

gene E7 variees between 93 to 127 amino acid residues. 
The E7 proteiin is the most abundant viral protein in 
HPV 16 containiing CaSki and SiHa squamous carcinoma cell 
lines and in t HPV 18 containing HeLa and C4-1 lines. 

30 (Seedorf et all. 1987. EMBO J. 139). DNA transfection 

experiments imjnplicate the E6 and E7 ORF proteins in in 
vitro trans forrmat ion of mouse fibroblasts (Yasumoto et 
al. 1986. J. Virol, 57, 572), rat epithelial cells 
(Matlashewski < et al. 1987. EMBO J._6, 1741) and primary 

3 5 human keratinoocytes (Schlegel et al. 1988, EMBO J. l_ t 
3181; Pirisi et al. 1987. J. Virol. jU, 1061). 
Cooperation wiith an active ras oncogene leads to full 
transformation i (Matlashewski et al. 1987. EMBO J. 6., 
1741) and theree is a requirement for continued expression 
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of the K7 genae to maintain the transformed phenotype 
of the *./ g — -..^ m he E7 protein may 

(Crook et al. H9S9. EMBO J. 8, 513). The E7 p 
be recognised by the immune system, since ant, 
bodies can lb e detected in the serum of 
5 20% of patients with HP VI 6 associated 

ail 1988. J. Vxrol- 62, 2iiO/ 
Ldielka et al. 1989. J. Natl. Cancer Institute . 81, 1698, 
smillie et al. 11*90. Immunol Infect. 1, • ^ 

Xn adddition to types 16, 18 and « 
« 11. 31 33, 35 and 39 which fall within the 
10 genotypes 6, 1L, 31, 33, ^ infec tive for 

same sub group < as types 16, 18 and 42 a 162 _ 18 1 
anogenital epitfchelium (Gissman Cancer Surveys 3^ 162 ^ 
(19 L) Zur Hauseen & Schneider The Papillomaviruses p245 
2 S3 Edited by HHowley and Saltan New York Plenum Press 
263 kai-cecL ^ ^ frequently 

1S tl9 , T ). The Of H*V «. ,« IS ar . * ^ 

W in ,*n it a.X ™ ,„„, 
1^1=5-1522 C1985)i), Gissman et al PN&s ou, 

20 (Syrjahen et «al British Journal of °> stetrl 

GvnaLology 92 1086-1092 (1985). Integration of HBV16 
. ^nto Tos^enomes is gently observed 

cancers with interruption of the E2 viral OB* the 
protein product of which region ^-^^^Z 

« transcription Hrorn the P 97 promoter and retention 

intact E6 and E77 ORFs . ,- mT5 licates 
Ahundaant circumstantial evidence implicates 

* ost immune mecbhanisms in the control of 

„s of thee anogenital . ^ r e !s an 

30 British Medical Journal 288., 735-736 1984) ^ T 

increased inciddence of pre-neoplastic (Frazer 
L ancet ii 657-66*0 1986) and neoplastic associated iesions 
in homosexuall men immunosuppressed by ^ 
immunodeficiency, virus infection and a ^ 
35 risk of sguamouas cell carcinoma (SCC) of th 

vulva but not off control organs such as breast a 

in immunosuppreessed allograft recipients (Shell 
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Flavel Ninth Report of Australian and New Zealand 
Con.bo.ned Dialyysis and Transplant Registry PP 104-112 
Edited by APS DDisney 1986). 

Taken i with, the above, the normal natural 
history of HPW infection in most patients with alpha- 
gamma globulineemia suggests that cellular rather than 
humoral responses are important for the control of the 
phenotypic exppression of HPV infection (Kirschner 
Progress in Medlical Virology 1986). 

Standdard immunological approaches to the study 
of anogenital I HPV infection have been hampered by the 
lack of a suitable animal model and of an in vitro 
epithelial cell . culture permissive for HPV. 

Vaccinnes have also been proposed in regard to 
HPV with however only indifferent success. 

It haas been proposed to use vaccines containing 
autogenous tumour horaogenates [Abcarian et al J. Surg Res 
22: 231-236 (1=977) Dis Colon Rectum 25:64851 1982 Dis 
Colon Rectum 119: 237-244 (1976)]. However it has 
recently been addvocated that patients should no longer be 
treated with aufctogenous vaccines because of the potential 
oncogenic effectt of the viral DNA (Bunney 1986 Br Med J 
293 1045-1047). 



15 



25 



30 



35 



In rcelation to production of genetically 
engineered vaccines this matter has been discussed in 
Pfister (1990) above and it seems that difficulty has 
been experienceed in obtaining an effective vaccine 
because of the S plethora of different papilloma virus 
types. Pfister: however points out that attention should 
be directed to tthe so called early proteins (ie. El, E2, 
E3, E4, E5; E6, E7 or E8 ) because these proteins are' most 
likely synthesissed in the proliferating basal cells of a 
wart infection in contrast to the structural proteins 
which are exprressed in the upper epidermal layers. 
Therefore accorrding to Pfister (1990) virus capsid 
protein appears ; to be limited in relation to use in a 
vaccine. The uuse of recombinant vaccinia viruses in in 
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vitro test systcems for papilloma virus early proteins in 
eukaryotic cellls has been discussed also in Pf ister 
(1990). This may take the form of a live vaccine 
consisting of genetically modified vaccinia virus 
5 expressing pap il 1 loma . virus proteins or on the surface of 
paraformaldehyde© fixed autologous cells infected in vitro 
with vaccinia : recombinants or transf ected with other 
expression vecttors. Another strategy for vaccine 

development as c discussed in Pf ister (1990) is to use an 
10 immune stimulatiing complex of the glycoside QuilA. 

Data t on. successful prophylactic vaccination 
exist only fdor bovine f ibropapillomas homogenised 
homogenate of boovine f ibropapillomas and has been shown 
to provide limilted immunity [Olson et al J am Vet Med 
15 Assoc 135, 499 (1959) Cancer Res 22 463 (1962)]. A 
vaccine includiing an engineered LI fusion protein 
(Pilacinski et al, UCLA Symp. Molecular and Cellular 
Biology New Serid.es Vol 32 Papilloma Viruses Molecular and 
Clinical Aspects 3 Alan R Liss New York 1985 257) .has also 
20 been used in caHves but proved unsuccessful in humans- In 
Pf ister (1990) iit is stated that there is presently no 
evidence for a i possible prevention of HPV infection by 
the use of a cappsid protein vaccine, but induction of an 
antitumor cell in.mmunity appears to be feasible. 
25 The Lll and L2 genes have been the basis of 

vaccines for thee prevention and treatment of papilloma 
virus infections > and immunogens used in the diagnosis and 
detection of ppapilloma viruses (International Patent 
Specifications WT7O8605816 and EO8303623). However, it 
30 appears that no commercial usage of these vaccines have 
taken place. 

Referennce may also be made to Patent 
Specification EPP386734 which describes new immunogenic 
regions of HPVM6 E7 protein which may be useful in 
35 vaccines, EP 3755555 which describes HPV16 peptides useful 
as immunoassay reagents for the detection of HPV16 
proteins and whiich contain an antigenic determinant for 
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HPV16, a refereence in VACCINE (1990) & 3, 199-204 which 
describes vacccines including recombinants expressing 
HPVE5, E6 or E7 ORF intended for use in providing 
antitumor actiivity, Australian Specification 52860/90 
5 which describess screening antibodies for specificity to 
an antigen whziich is an epitope of HPV 16 LI or E7 
proteins , Ausstralian Specification 75535/87 which 
describes synthhetic peptides of HPV corresponding to an 
amino acid sequence region having at least one reverse 

10 turn and prediicted hydrophilicity , Patent Specification 
EP217919 which \ describes type specific papillomavirus DNA 
sequences and ppeptides useful in vaccines containing 15- 
75 nucleotides, , US Specification 4551270 which describes 
at least one anntigenic determinant of papillomavirus and 

15 immunogens andd vaccines containing the antigenic 
determinant, : Patent Specification EP4 12762 which 
describes a pollypeptide having the sequence Leu-Tyr-Cys- 
Tyr-Glu-Gln-Leu-i — Asn-Asp-Ser-Ser which inhibits binding 
of the HPV E7 pnrotein to retinoblastoma gene which may be 

20 used in vaccinaes for treatment of cervical cancer and 
genital warts. . French Specification 2643817 which 

describes a vacccine for treatment of tumours induced by 
papillomavirus containing recombinant poxvirus with 
heterologous DDNA encoding region of non structural 

25 papillomavirus, Japanese Specification JO1061665 which 
describes an anttibody formed to an antigen polypeptide of 
HPV 16 E6 or E7 : protein which antigen polypeptide is Tyr- 
Gln-Asp-Pro-Glnn-Glu-Arg-Pro-Arg-Lys-Leu-Pro-Gln-Leu-Cys 
which is part cof E6 protein or Cys-Tyr-Gln-Leu-Asn-Asp- 

30 Ser-Ser-Glu-Glu— Asp-Glu-lle-Asp which is part of E7 
protein, Australlian Specification 76018/87 which describe 
expression produucts of HPV16 or HPV18 which may be used 
for the productiion of antibodies EP235187 which describes 
kits containing^ polypeptide ( s ) expressed by several 

3 5 groups of papillloma virus including HPV16 and HPV 18 which 
are expression ; products of E6, E7 or L2 genes and US 
Patent 4777239 9 which include diagnostic synthetic 
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peptides for HFPV one which includes residues 45-58 of 

protein E6 and 4 40-50 or protein E7 which may be used as 

therapeutic agenhts. 

Of paarticular interest in the prior art 

5 discussed above : is specification EP375555 which describes 

a peptide AEPDDRAHYNIVTFC which may be used as an 

immunoassay reaggent for diagnosis of HPV16 antibodies. 

a?bis peptide inc.cludes the DRAHYNI sequence. However it 

is clear from a J review of this document that there was no 

10 realisation that : the DRAHYNI sequence corresponded to a T 

helper cell epitcope of the ORF of E7 protein of HPV16 and 

the consequences ; in regard to HPV therapy as discussed in 

this patent speciification. 

Of parrticular relevance also is specification 

15 EP 386734 which i discloses a number of peptides one of 

which (ie No. (XV) comprises the sequence Asp-Glu-Ile- 

Asp-Gly-Pro-Ala-.-Gly-Gln-Ala-Glu-Pro-Aspm-Arg-Ala- His- 

Tyr) . It will bbe noted that this sequence includes the 

sequence DRAHY. . While this particular peptide is 

20 described as corrresponding to a useful immunogenic region 

of HPV16 E7 protfcein, and thus useful in vaccines it will 

be appreciated ffrom the discussions hereinafter that the 

sequence DRAHYNI ; has a more useful antigenic property and 

thus will stimulaate a far greater immune response. 

25 In thhis specification amino acids are 

represented by siingle letter codes as follows: 

Phe: F Leu: L lie.: I Met: M 

Val: V Ser; S Pro: P Thr: T 

Ala: A Tyr: Y His: H Gin: Q 

3&sn: N Lys: K Asp: D Glu: E 

Cys: C Trp: W Arg: R Gly: G 

It is therefore ; an object of the invention to provide a 
35 subunit vaccine which may be utilised to treat HPV 
infections and wMiich also may be used to provide immunity 
against HPV infecction. 

It is a further object of the invention to 
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provide a pepttide which may constitute an antigenic 
component of thae subunit vaccine. 

The .peptides of the invention have the 
structure DRAHYNN! and structural homologues thereof which 
homologues conceern a single amino acid substitution which 
peptide is linkked directly or indirectly to one or more 
amino acid sequuences which correspond to a B epitope of 
HPV16 or HPV18. 

Suitabble B epitopes may be selected from HPV E7 
16 epitopes whiich include QAEPD, IDGP, EYMLD and YMLD. 
Suitable B epitcopes that may be selected from HPV E7 18 
epitopes includee DEIDGVNHQL and SEENED. 

Repressentative peptides which fall with the 
scope of the indention include the following: 

(1) 



15 Bl - AM - DRAHYNI - A2 



B2 - DDRAHYNI - B3 (2) 



Bl - All- DRAHYNI - A2 - B4 (3) 

B2 - DDRAHYNI - A2 {4) 

Al - DDRAHYNI - B3 (5) 

20 Al - DDRAHYNI - A2 - B4 (6) 

Bl - All - B4 - Al - DRAHYNI - A2 ( 7) 

Bl - A.U - B4 - DRAHYNI - B3 - A2 - B5 . (8) 
Bl - All - B4 - A2 - B2 - DRAHYNI - A2 . (9) 
In thee above formulae (1) through (9) Bl, B4 
25 and B5 representt B epitope sequences that may be linked 
to the T epitopee sequence indirectly through intervening 
sequences of amiino acids that are not B epitope sequences 
such as Al and A22 . 
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In soDme cases the B epitope sequence may be 
linked directly, to the T helper epitope sequence and in 
such a case in , a first situation the terminal amino acid 
of the B helper : epitope sequence and the first amino acid 
5 of the t epitopoe sequence may be merged. m other cases 
in a second situuation the last amino acid of the T helper 
epitope sequencce and the first amino acid of the B 
epitope sequencee may also be merged. In this embodiment 
therefore Bl reppresents a B epitope sequence which refers 
to the first arrrangement and B3 represents a B epitope 
sequence that represents the second arrangement. 
Examples of the : first and second situations are 

QAEP DRRAHYNI - A2 (10) and 

Al - DDRAHYNIDGP ( 1 1 ) 

In fourmulae (10) and (11) the amino acid D 
which corresponods to aspartine represents the first 
situation and iin formula (11) the amino acid I which 
corresponds too isoleucine represents the second 
situation. 

An esppecially preferred peptide that may be 
used in the inveention is the peptide QAEPDRAHYNI - A2 

The seequence DRAHYNI in accordance with the 
present inventioon has been identified as corresponding to 
a major T helpeer cell epitope in the E7 open reading 
25 frame (ORF) of h HPV16 and HPV18 . DRAHYNI corresponds to 
amino acids 48-5-54 of the E7 ORF. 

The ahbovementioned peptides of the invention 
which may be fcormed synthetically may. form immunogens 
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capable of elicsiting strong antibody response to HPV16 or 
HPV18 E7 challdenge. The T epitope may facilitate the 
production off antibody to several B epitopes 
simultaneously . 

5 The iinvention also includes within its scope a 

vaccine which iincludes one or more of the abovementioned 
peptides in commbination with a suitable adjuvant. For 
animals infecteed with HPV suitable adjuvants may be 
selected from . Freunds Complete Adjuvant, Freunds 
10 Incomplete Adjuuvant, QuilA and saponins generally. In 
relation to humaans it is preferred to utilise an adjuvant 
which is compaatible with humans and an appropriate 
adjuvant in this.s regard is ISCOMS (ie immuno stimulating 
complexes) . 

15 The iilnvention is significant because of its 

therapeutic valuue in relation to cervical cancer which 
like AIDS has a i devastating effect on human lives. If a 
vaccine against these diseases could be developed , it is 
to the greatestt benefit of the mankind. Immunisation 

20 with attenuated < or killed viruses may have inherent risks 
associated with it. To reduce the risk one could use 
small peptides ccontaining the necessary B and T epitopes 
as vaccines. The a major advantages of peptide vaccines are 
(i) feasibility to obtain large quantities of relatively 

25 pure peptides byy automated chemical synthesis , (ii) the 
ability to taildor the peptide in such a way that the 
useful B epitopess could be incorporated in to the vaccine 
construct while c deleterious B epitopes could be left out, 
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(iii) If necesssary many artificial T-helper epitopes 
could be incorporated in a mixed vaccine " to help overcome 
MHC restriction iin an out bred population. 

It is 3 easy to induce antibodies against 
5 peptides using Ffreund's adjuvant in animals provided the 
peptide concemeed has a T-helper incorporated into its 
sequence. Howeveer one has to be able to use an adjuvant 
less harmful thann Freund' s, but with equal efficacy when 
used on humans. Also ideally the adjuvant should be able 
10 to elicit CD8+ MHC class I restricted cytotoxic T 
lymphocytes, whhen using peptides as immunogens . 
Immunostimulatinggr complexes (ISCOMS) have the potential 
of satisfying bofcth the above conditions ISCOMS are stable 
molecular structuures, with a mean diameter of 35nm, in 
which -protein anttigens are incorporated into a matrix of 
cholesterol and ann adjuvant glycoside QuilA. 

In ordeer to incorporate a protein into ISCOMS 
the protein has t<bo have a lipid binding region. Recently 
non lipid bindir.ng proteins were bound to ISCOMS by 
exposing hidden Hip id binding regions of the proteins by 
changing the pH cor by coupling with a protein known to 
bind lipids. In these studies the researchers have used 
the whole length j proteins which may not be safe to use on 
humans and/or wbhich are hard to prepare to purity 
25 necessary for humaian use. In this specification a method 
is described herreinafter of preparing vaccines using 
small synthetic peeptides of defined B and T cell epitopes 
coupled to a syntithetic lipid binding peptide, in mice. 
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Since many peptiides do not bind lipids on their own they 
could be made lipid binding by coupling to the lipid 
binding peptide LAP20 which takes an amphipatic @ helical 
confirmation in the presence of lipid. 

5 

MATERIALS AND MEETHODS 
Synthetic Peptiddes . 

Peptiddes were synthesised using the 
simultaneous mmultiple peptide technique originally 

10 described by HHoughten (PNAS USA _82 5131-5135 1985) 
employing derivcratised t-Boc amino acids on benzhydryl 
resin, or using r Fmoc chemistry on an Applied Biosys terns 
431 A Peptide : Synthesiser. Peptides were routinely 
analysed for homaiogeneity by HPLC. Peptides less than 90% 

15 pure were puriffied. The amino acid composition of all 
peptides was chhecked, and peptide 8Q was amino acid 
sequenced . Dattia were confirmed using 2 or 3 separate 
syntheses of pepttides and two different chemistries (Fmoc 
and t-Boc) to prreclude batch idiosyncrasy. All peptides 

20 were tested forr non-specific mitogenicity on unprimed 
lymph node cellls and for toxicity on tuberculin PPD- 
primed T-cells. Stock solutions were made by dissolving 
peptides in tisssue culture medium at 5 mg. per ml. In 
some cases acettic acid to 5% was added to attain 

25 solution. 

HPV16 E7 protein a. 

HPV16 : E7 protein was produced as MS 2 fusion 
protein (FP) froom a heat inducible phage promoter in a 
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Assay for cytok±ine production . 

The lymphokine ( interleukin-2 (IL-2) and 
interleukin-4) d dependent HT-2 cell line was maintained in 
vitro in RPMI mmedium supplemented with 10% fetal bovine 
serum and 10% £ supernatant from the IL-2 producing cell 
line MLA 144. Omission of MLA supernatant resulted in 
cessation of ceall division within 18 hours, as measured 
by ( 3 H)-thymidinne incorporation. Supernatants from LNC 
proliferation aassays were harvested at 3 days and tested 
for induction of»f proliferation of HT-2 cells (Ertl et al 
(1989) J. Virol.. 63, 2885-2892) which had been starved of 
MLA supernatant overnight and washed extensively in serum 
free medium. : 2xl0 3 HT-2 cells in 100 ul RPMI medium 
supplemented witth 10% PCS were cultured in triplicate 
with 50ul of LNNC proliferation assay supernatant, which 
had been centriifuged to move residual lymph node cells. 
Proliferation waas measured 40-48 hours later by a 6 hour 
( 3 H) -thymidine puulse (0.5 uCi per well). 
Peptide Elisa asssav . 

Peptiddes 3Q, 6Q, 7Q and 8Q were conjugated to 
bovine serum albumin (BSA) using a single step 
glutaraldehyde mmethod as described (Avrameus 1969-Immuno 
Chemistry 6, 43-i-47). Peptide-BSA conjugates were bound 
to microtitre plates by incubation at 50ug/ml in 
2 5 bicarbonate bindding buffer pH 9.6. Remaining binding 
sites on the microtitre plates were blocked with 
phosphate buffer-red saline (PBS) containing 5% BSA prior 
to incubation witth serum from mice immunised with various 
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pPLc 24 expresssion vector (provided by L. Gissmann) in 
E.coli 600/537. :.FP was partly purified from lysozyme- 
disrupted bactessria by Triton-X 100 and sequential urea 
extraction as ddescribed (Seedorf et al 1987 EMBO J. 
5 13 9-144) . PPurif ication was monitored on PHAST 

(Pharmacia) SDSS-PAGE. Preparations containing 60-90% 
pure FP as judgged by appropriately sized major bands on 
gels, were obtailned as 8-10 M urea extracts. 
Lymph node cell (LNC) Proliferatio n assays. 

10 Mice were immunised subcutaneous ly in the base 

of the tail wiith 20-50 ug. of peptide emulsified in 
complete Freundds adjuvant (H37 Ra.CFA Difco Labs. 
Detroit). Eighht to ten days later mice were killed, 
ingurinal and periaortic nodes were removed and a 

15 suspension of llymph node cells prepared. Cells were 
plated in triplicate at 4xl0 5 /(K2 ml in flat bottomed 96 
well microtitre 3 plates in Hepes buffered RPMI 1640 medium 
containing glutaamine, pyruvate, 2% heat inactivated mouse 
serum and 5x10V 5 M 2-mercaptoethanol , and antigen at 

20 various concentrations. After 4 days, cells were pulsed 
with luCi of (¥h) -thymidine (5 Ci/mmol, Amersham, U.K.) 
and after a f further 18 hours, incorporated 3 H was 
quantified by B-€-emission spectroscopy. 
Mice, 

In-bre6d mouse strains were obtained from 
University of Quaeensland animal breeding facility or from 
animal Resourcess Inc. Perth, Western Australia. Mice 
were used at 8-244 weeks old. 
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peptide construacts, at a range of dilutions in PBS 
containing , 5% noon-fat milk powder, 0.1% BSA, 0.1% Tween- 
20. After appropriate washings, horseradish peroxidase 
conjugated antii -mouse Ig. (Silenus Laboratories, 

5 Australia) and L 2 , 2 1 -azinobis ( 3-ethyl-benzthiazoline 
sulfonate) (ABTS) substrate were added. Optical density 
CCD.) was quanttified on a Titertek multiscan microtitre 
plate reader (FTlow Laboratories, Scotland) at 414 nm. 
HP VI 6 E7/MS FFP Elisa assays were conducted with 
10 modifications ass described (Tindle et al 1990 J. Gen 
Virol J71, 1347-11354). All ELISA aasay plates contained 
wells which weres concurrently incubated with a panel of 
monoclonal antiboodies 8F, 4F and 6D, specific for HPV16 
E7 linear epitoppes EYMLD, IDGP and QAEPD respectively 
15 (Tindle et al (1990) Peptide Res. 3./ 162-166), as 
positive and negaative controls. 
Peptide Immunisattion for antibody production . 

Mice were re immunised 3 times intraperitoneally 
(ip. ) with 20-500 ug of peptide emulsified in complete 
20 Freund's adjuvantLt at 14 day intervals. Mice were bled 
from the retro-<-orbital plexus 8 days after the last 
injection, serum ; prepared, and ELISA was performed. 
Carrier Priming AAssay . 

Mice (^3-5 per group) were immunised ip . with 
25 20-50 ug. of pepbtide 8Q or PBS emulsified in CFA. Three 
to five weeks Hater, mice were infected by tail base 
scarifaction witth 10 7 plaque forming units (pfu) of 
recombinant vacciinia virus containing the entire HPV16 E7 
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gene (VAC-E7) (Drs. A. Minson and J. Sterling, pers. 
cons. ) or 10 7 ' pfu of wild-type vaccinia virus (WR-VAC) . 
7-8 days later;, serum was prepared from each mouse, and 
anti-E7 antiboddies were determined by ELISA assay against 
5 peptide 8Q or HPV16 E7 FP bound to microtitre plates. 
Negative contrcols were mice immunised with irrelevant 
peptide (6Q), £ and microtitre plates to which irrelevant 
peptides were boound. 
RESULTS 

10 Lvmnh Mode Cell L Proliferati on Assays. 

A seat of overlapping 15-20 mer peptides 
covering the esntire predicted HPV16 E7 protein (Figure 
1A) was used 1 to located T-prolif erative epitopes. 4 
groups of C57B1 */6(H-2 b ) mice were immunised with mixtures 
15 of peptides 2Q-J-5Q, 6Q-9Q or 10Q-12Q in CFA, or with RPM1 
in CFA. Poolecd LUC from each group were challenged in 
vitro with 2 cor 20 ug/ml of individual peptides and 
proliferation mmeasured as incorporation of radiolabeled 
thymidine. ' The data shown in Figure IB are 

20 representative of 6 assays. Peptide 8Q consistently 
elicited stronger proliferation in LNC from the 6Q-9Q 
immunised groupp (Figure IB.b) . Peptide 7Q elicited a 
weaker response ■. in this group. Peptides 8Q and 7 Q share 
a 12 amino acidd overlap at position 44-55. Weak and 
25 inconsistant reesponses were seen in LNC from 2Q-5Q 
immunised mice, when challenged with peptides 4Q and 5Q 
(3 out of 6 c experiments) Figure IB, a). No further 
peptides from tfche 2Q-12Q series induced proliferation in 
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assays using IiNC from appropriately immunised 

B10.A(4R) (H-S h2 ) , , or Balb/c (h-2 d ) mice (data not shown). 

In ordder to investigate the MHC restriction of 
the prolif erativve response to 8Q, a series of congenic 
5 mice, differing < only at the MHC class 2 locus, and other 
in-bred strains of MHC class 2 haplotype-def ined mice, 
were immunised with mixtures of peptides 8Q and 6Q and 
their LNC subsequently challenged in vitro with 8Q or 6Q 
(6Q was includded as an internal negative control). 
10 Immunised mice from all congenic strains on a BIO 
background showered strong proliferative responses to 
peptide 8Q, but not to control peptide 6Q, over 0.04-27 
ug/ml range (Figgure 2a). In further experiments other 
immunised strainas S7R(I-A S I-E S ) , S94 (I-A*I-E kBS ) 9 C 3 H(I-A k I- 
15 E k ) , -CBA(I-A k I-EE k ) , DBA ( I -A d I -E d ) , Balb/c (I-A d I-E d ) , 
C5 7B 1/ 6 ( I-A b I -E b ) and BL 10 ( I -A b I -E b ) all showed 

proliferative ressponses to 8Q. These data indicate that 
the proliferative response to peptide 8Q in previously 
primed mice is no.ot restricted through any of the 5 I -A or* 
20 5 I-E alleles tessted. 

In ordder to define the minimal peptide which 
would induce proolif eration, LNC from 8Q immunised mice 
were challenged iin vitro with a series of C -terminal and 
N' -terminal trunccations of 8Q (Table 1). LNC stimulated 
25 with peptides B33, B4 , 8Q and B7-10 inclusive showed 
significant proliif eratiori, indicating that the consensus 
sequence 48 DRAHYNII 54 was the minimal proliferative epitope. 
In a subsequent eexperiment , LNC from 8Q primed B10.A(2R) 
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and 29R mice proliferated in response to the 7-mer 
peptide DRAHYNUI though the stimulation indices were much 
lower (6.1 and .5.1 respectively). 

The ability of peptide 8Q to prime for a 
5 response of L&NC to in vitro challenge with HPV16 E7 
protein was ttested. The proliferation elicited by 
challenge of ILNC from peptide 8Q immunised mice with 
HPV16 E7 FP annd 8Q was of the same order of magnitude, 
provided challdenges were adjusted to be approximately 

10 equimolar for 86Q (Figure 2B) . 

In aan experiment to test whether HPV16 E7 
protein would prime for peptide 8Q, LNC from mice 
immunised with \ HPV16 E7, but not 'sham' immunised mice 
proliferated wfrhen challenged in vitro with 8Q (Figure 

15 2C). 

LNC from primedd mice produce inter leuki ns when stimulated 
in vitro * 

Superrnatant fluid from 8Q and 7Q challenged, 
but not 6Q or 9Q challenged, LNC from mice previously 
20 immunised with i a mixture of 6Q-9Q peptides, induced 
proliferation oof the IL-2/IL-4 dependent cell-line HT-2, 
(Figure 2D). ; Supernatant s of LNC from mice immunised, 
and challenged : in vitro , with the other Q-series peptides 
failed to induace proliferation of HT-2 cells (data not 
2 5 shown) . 

Havingg determined that peptide 8Q contained a 
T-epitope to which primed LNC would respond by 
proliferation annd cytokine production, we then undertook 
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a series of expoeriments to determine whether primed LNC 
would provide 'Khelp'' to B cells for the production of 
specific antibobdy to B cell epitopes of HPV16 E7 . 
Earlier work froom our. laboratory has defined the location 
5 of 3 immunodominant B-cell linear epitopes in the HPV16 
E7 protein, reccognised by murine monoclonal antibodies 
(Mabs) (Tindle efet al 1990. J. Gen. Virol. 71, 1347-1354) . 
In initial experriments we exploited the fact that peptide 
8Q, in addition t to the T-epitope 48 DRAHYNI 5 ^ defined above, 
10 also contained ann immunodominant B-epitope, 44 QAEPD 48 . 

Mice Immunised with 8Q peptide respond to in vivo 
challenge with ^recombinant vaccinia virus containing- the 
HPV16 E7 ORF g-enne by production of antibody to the E7 
protein , 

15 The seura of mice immunised with 8Q and infected 

3k weeks later vwith recombinant vaccinia-E7 virus (VAC- 
E7), but not wild-type virus (WR-VAC) , contained 
antibodies reactiive with 8Q (Figure 3B) and with HPV16 E7 
(Figure 3A) , bothh of which contains the QAEPD B-epitope. 

20 It is-s therefore clear that a single 

immunisation witth 8Q peptide primed DRAHYNI -reactive T- 
helper (Th) cellls and also B-cells which recognise the 
QAEPD -containing : peptide for subsequent challenge with 
whole eukaryotic \ E7 protein is processed in such a way as 

25 to stimulate priimed DRAHYNI -reactive Th-cells to provide 
help for B-cellls producting antibody to the QAEPD- 
containing peptidde. . 
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Mice immunised L with peptides containing the T-epitope 
DRAHYNI and B-eppitope ( s ) of HP VI 6 E7 or HPV18 E7 produce 
antibodies whichh specifically recognise E7 protein . 

Sera from mice immunised with peptide 8Q 
5 reacted in ELISSA assay with 8Q and 7 Q (Figure 4A,B) and 
HPV16 E7 FP (^Figure 4D) but not control peptides 6Q 
(Figure 4C) , ore 2Q, 4Q and 10Q (data not shown). These 
data suggested I that the serum antibodies may have 
recognised the B-epitope QAEPD contained within 8Q, 7Q 

10 and HPV16 E7. In a further series of experiments, the 
sera from some i mice immunised with peptides B7 or B8 
reacted with 8Q ! and 7Q, whereas sera from mice immunised 
with B16, B17, : B19 or B3 did not (Table 2). The data 
indicated that iin order to elicit an antibody response to 

15 peptides and HPW16 E7 FP containing the B-epitope QAEPD t 
the immunogen \ was required to contain the T-epitope 
DRAHYNI in additrion to the sequence QAEPD . 

Furthesr experiments were carried out to 
determine if tithe inclusion of T-epitope DRAHYNI in 

20 synthetic peptiddes used for immunisation would result in 
help being extesnded to sequences containing B-epitopes 
other than QAEPPD. The sera of 3 mice immunised with 
peptide Bll all contained antibodies to B-epitopes EYMLD 
and QAEPD, andd reacted with HPV16 E7 (Table 2). 

25 Reactivity with HPV16 E7 could be absorbed out by pre- 
incubation of thae sear with peptide 8Q (containing QAEPD ) 
and 2Q (containiing EYMLD), The serum of one of these 
mice also contaiined antibodies to B-epitope IDGP. The 
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sera of mice iimmunised with 7Q contained antibody to 
QAEPD , but not IIEDGP (Table 2). 

In orcrder to determine if the inclusion of 
DRAHY1II in a ssynthetic peptide containing a B-epitope 
5 from the putatilve E7 protein of an HPV genotype other 
than HPV16 coul'ld drive the production of heterologous 
antibody, mice ; were immunised with peptides GFil, .GF12 
and GF15 contaiining an immunodominant linear B-epitope 
DEIDGVNHQHL of HHPV1S E7 (Selvey et al 1990. J. Immunol. 
10 145 , 3105-3110).. Serum antibodies which recognised a 
peptide (GF13) ccontaining the B-epitope, and whole HPV 18 
E7 were producdded in all 3 mice immunised with GF15, 
which contains iintact DRAHYNI, but not in mice immunised 
with GF12 or GFF11 where the T-epitope is truncated or 
15 absent-. GF15 immunised mice simultaneously produced 
antibody which x recognised the HPV16 E7 B-epitope QAEPD 
and the whole HPVV 16 E7 (Table 2). 

In mid.ce immunised with synthetic peptides 
containing both T- and B-epitopes, and which produced 
20 antibody, presummably both sets of lymphocytes ie. The 
cells and antiboddy producing B-cells were primed. 
Immunisation witth T-epitope alone can prime for an 
antibody responsee . 

Mice iri_mmunised with peptide B3 (containing T— 
25 epitope DRAHYNI. . but no B epitope) and challenged with 
peptide B7 (conntaining B-epitope AQEPD and T-epitope 
DRAHYNI) produceed antibody detectable at 5 days which 
recognised 8Q annd whole HPV16 E7 FP (Table 2). Mice 
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challenged withh B3 did not produce antibody. Nor did 

mice which had I been immunised once. 

Day zero prolif cerative assay 

PBMC were . separated from 60ml of blood on 

5 Ficoll Hypaque i and washed three times in RPM1 1640. The 

cells were courtted and diluted to give 10 6 cells/ml 

ie. 1.5 x 10 s cealls in complete RPM1 1640 with 10% 

150 >ul well volume 
human pool AB. In this experiment 150 //I of cells at 10 6 

10 cells /ml were addded to the wells of a 96 well U bottomed 
plate as set ouut in Table 4. Cells were challenged in 
triplicate with i peptides 101-109 identified in Table 3. 
(Note that peptiide 106 corresponds to peptide 8Q) . Prom 
Table 4 it willl be noted that the cells were challenged 

15 with 106 alone i and other peptides in groups of three at 
two concentratioons with and without PHA. Tetanus toxoid 
and media alonae wells were included as positive and 
negative controils respectively. The cells were then 
incubated 7 da^ys at 37° C with 5% C0 2 and labelled 

20 overnight with 11 fic/ml 3 H thymidine. The cells were then 
harvested, driedd and counted and results recorded as 
counts /minute . The procedure^ was also modified to 

challenge cells 3 in quadruplicate and at a peptide 
concentration ofif 5 and 15 //g/ml. The results are 

2 5 recorded in Tablee 5. 

Binding of peptiddes to ISCOMS 

Peptideies were synthesized using Fmoc chemistry 
on an Applied Biosystems 43 1A peptide synthesiser. 
Purity of the poeptides were checked by HPLC and amino 
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acid analysis annd found to be of greater than 90%. 

Peptiddes synthesised: BT5 (A peptide from HPV16 
E7 containing 1 the B epitope QAEPD and the T-helper 
epitope DRAHYNITVTFCCKCD) , QAEPDRAHYNIVTFCCKCD . LAP20 
5 (The syntheetic lipid binding peptide), 
VSSLLSSLKEYWSSLKKESFS. 7Q (A peptide from HP VI 6 E7 
containing the B3 epitope QAEPD) , EIDGPAGQAEPDRAHYNX . 
GF110 (A peptidae from HIV virus coupled to the HPV16 E7 
T-helper epitope DRAHYNIVTFCCKCD) , 

1 0 TRKS IRIQRGPDRAHYENI VTFCCKCD 

CoupliiLng of peptides to the lipid binding 
peptide LAP20 (Ptfownall et al PNAS 77, 3154-3158-1980) was 
performed by the method of Avrameas (7), using 
glutaraldehyde . Briefly peptides concerned 2mg were 

15 dissolved in 5 id ml PBS, 30ul of a 2 5% glutaraldehyde 
solution was aadded, stirred for 2 hours at room 
temperature and i was kept at 4°C overnight. Then 1 ml 1M 
glycine was addeed and stirred at room temperature for 2 
hours and dialyysed overnight at 4°C, using dialysis 
20 membranes with ai molecular weight cutoff of 6000. During 
the glutaraldehhyde treatment stage and during the 
dialysis stage formation of heavy precipitates were 
observed with alll peptides, except GF23. 

Amino acid analysis was performed on BT5 , 
25 LAP20, and BT5/I'IiAP20 complex to determine the ratio of 
BT5 to LAP 20 in t the complex. 
Preparation of ICSCOMS 

The 1ZSC0MS were prepared by the dialysis 
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procedure whereain briefly 2mg phosphatidyl choline and 1 
mg cholesterol was dissolved in a few drops of chloroform 
and the solvent- removed under a stream of nitrogen. The 
dried lipid mixxture was dissolved in 3 ml Tris buffer 
5 (20mM Tris/HCll pH=7.8, 150mM NaCl containing 1% 
octylglucoside. 2mg peptides in 2ml PBS and 4 ml of a 
10% quil-A soliLution in water was added to the lipid 
mixture and mix«ed for 1 hour at room temperature. The 
mixture was exteensively dialysed against PBS overnight at 

10 4°C, The precijlpitate formed during dialysis was removed 
by low speed centrifugation. The supernatant was 
collected and thhe ISCOMS were separated from free peptide 
and Quil-A by liayering the supernatant on a 10% sucrose 
in PBS cusion annd allowing the ISCOMS to pellet through 

15 by centrifugationn using a Beckmann TLA 100.3 rotor at 40 
000 rpm for 16 5 hours at 6°C. The ISCOM pellet was 
dissolved in PBS J. 

CBA miiice 6 to 10 weeks old were used in 
immunisations. ] Mice were injected subcutaneous ly at the 

20 base of the taill with 20ug peptides coupled to ISCOMS, 
and as a posittive control lOOug peptide in Freund's 
complete adjuvannt. As a negative control 20ug of 
BT5/LAP20 in PBSS or BT5 with Quil-A and/or lipid was 
used. After 21 ( days the mice were bled and boosted with 

25 another injectionn, and after a further 14 days they were 
bled again. The i antibodies were detected by ELISA plates 
prepared with pepptides themselves or recombinant proteins 
derived from MSS2 fusion proteins from E. coli or 
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recombinant baculdovirus infected Spodoptera cells. 
Monitoring of pepptide binding to ISCOMS 

At eacbh stage of the preparation of ISCOMS, 
protein assays wesre performed using BCA protein assay kit 
: (Pierce Chemical Co), and bovine serum albumin was used 
as the protein steandard. 
Discussion 

In thee present study we define a major 
proliferative T-eepitope 48 DRAHYNI 54 in HPV16 E7, which 
stimulates the T-^cells of all strains of mice of defined 
haplotype which we have tested. DRAHYNI stimulates 
cytokine production in responding T cells, and when 
coupled to a homologous B-epitope and injected into mice, 
can elicit cognatte help for the production of specific 
antibody which reocognises native E7 protein. 

As thei 2 overlapping peptides 7Q and 8Q 
stimulated proliferation in primed T cells (Figure 1), 
sequences common to both are likely to be responsible. 
Proliferation experiments with C- and N-terminal 
truncations of peeptide 8Q indicated that the sequence 
DRAHYNI was the n minimal reactive epitope. Our data do 
not completely excclude the possibility that more than one 
distinct T cell siite may be responsible for proliferation 
mediated by 7Q andd 8Q but we consider it unlikely, since 
the 7 N-terminal a amino acids of 7Q not shared with 8Q are 
all contained witfchin peptide 6Q which does not contain a 
proliferative epittope. In many repeated experiments, the 
proliferative response to 8Q was always an order of 
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the E7 molecule comprehensively, we cannot be entirely 
certain that othher T-cell sites have not been missed, 
particularly if rresidues distant from a putative epitopic 
site can influennce T-epitope recognition. DRAHYNI was 
5 not predicted byf the DeLisi & Berzofsky (1985 PNAS USA 
82 , 7048-7072) our Rothbard (above) T-epitope algorithms . 
The predicted seccondary structure of DRAHYNI is a turn or 
coil at its N-terrminal end/ while tyrosine and asparagine 
are likely to j form part of a bata-strand extending 
10 C ' terminally . 

We havee demonstrated clearly that immunisation 
of mice with DRAAHYNI joined to a B-epitope will elicit 
antibody reactingg specifically with peptides containing 
the B-epitope andl with the whole E7 molecule. 
15 Furthericmore , immunising mice with a peptide 

containing DRAHYNNI but no B-epitope elicited a secondary 
antibody responsee when mice were subsequently challenged 
with DRAHYNI pluss B-epitope, suggesting that T-activation 
in the absence oof a B cell response is sufficient to 
20 prime. 

For devereloping a peptide vaccine, the candidate 
should have the ■ capability to elicit in vivo a T cell 
response to the whole native molecule from which the 
peptide derives. We have .. shown that a single priming 
25 shot of a peptidde containing DRAHYNI and the QAEPD B- 
epitope will indduce immunological memory which can be 
recalled by in vivo subsequent infection with live 
vaccinia-E7 recombbinant virus containing the full length 
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E7 gene. TlThis latter observation indicates that 

eukaryotic wholde E7 may be processed and presented to the 
immune system : in a way that can be seen by antibody 
secreting B-ceells whose functional development has 
5 depended on coggnate help provided by Th cells stimulated 
by DRAHYNI. Th'he relevance of the anti-peptide response 
to the recognition of whole eukaryotic E7 protein is 
further indicatted by the observation that murine anti- 
QAEPD monoclonal antibody recognises native HFV16 E7 in 
10 CaSki cells in i immunoprecipitation (Tindle et al 1990. 
Peptide Res. 3,, 162-166). In other virus infections the 
relevance of deefined Th and Tc epitopes for anti-viral 
protection in v±ivo has been documented for viral proteins 
which like E7 ; are not expressed on cell surfaces , eg 
15 influenza A viruus nucleoprotein (Townsend et al 1986 Cell. 
44, 959-968), cytomegalovirus immediate early protein p89 
(del Val et al ,J. Virol 62, 3965-3972 1988), as well as 
those on the ccell surface which probably protect by 
inducing neutralising antibodies. 
20 The experiments in which mice were immunised 

with DRAHYNI and B-epitopes linked in various 
conformations i indicated that DRAHYNI could provide 
cognate help to : more than one clone of antibody secreting 
B cells to prcoduce multiple antibodies of different 
25 specificities. It was not the purpose of these 

experiments to 1 test all permutations, but it was clear 
that the produaction of antibody occurred in several 
combinations of the position and orientation of the B- 
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epitopes with reespect to the T-epitope. Similar: findings 
on epitope oridentation have been reported by others 
(Leverly et al CCell Immunol 125 , 65-78 19 90) (Good et al 
1987 Science 2335 , 1059 - 1062)-, We have no data to 
5 indicate whether r DRAHYWT is the T-epitope responsible for 
providing help ■ for B cells producing anti-QAEPD, anti- 
EYMLD and anti-KTGPIX antibody in mice immunised with whole 
E7/MS2 FP (Tindlle et al 1990 Peptide Res. _3' 162-166) 
where B- and L T-epitopes are in their natural 
10 configurations aas it does in experiments reported here in 
which the B- andd T-epitopes are closely linked. Iii this 
context it has bbeen reported that immunodominant Th sites 
are frequently rnear the B cell site (Manca et al 1985 
Eur. <T. Immunol. . JJ5, 345-350). 
15 - DRAHYN2JI fulfils the criteria of an effective T- 

epitope vaccine i for use in out -bred populations, of being 
recognised in association with many different MHC 
haplotypes. Itt joins a small number of stimulating 
peptides recentlly described which are recognised in 
20 association withta. multiple MHC haplotypes (sinigaglia et 
al 1988 ) (Milichh et al 1988 Proc . Natl. Acad. Sci. USA 
85 , 1610-1614), (Nicholas et al 1988 J. Virol. _62_, 4465- 
4473), (Herber-KfCatz et al 1988 J. Exp. med. 167 , 275- 
287), (Lai et al.L 1987 J. Immunol. 13 9 ,. 3973-3980). While 
25 it is believed tthat requirements for binding to MHC are 
less stringent thhan those for binding to TCT (Sette 1987) 
it is nonetheless surprising that DRAHYNI caused 
proliferation in a, and therefore presumably bound to, all 
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tested la haplcotypes. It has been suggested that widely 
reactive peptiddes are capable of forming a structure 
closer to an ''ideal' T-epitope that can associate with 
many class la aalleles (Shrier et al 1989 J. Immunol- 142, 
5 1166-1176), Whhile introduction of strong heterologous T- 
epitopes into waccines has been advocated (eg hepatitis B 
virus core anttigen, (Stahl and Murray 1989 Proc. Natl. 
Acad- Sci. USAA 86, 6283-6287)) ideally synthetic HPV 
vaccines would 3 be composed of T and B cells sites derived 
10 from the same < organism so that latent and/or subsequent 
infections wouldd elicit a response from both populations 
of lymphocytes.. Such natural boosting is important if 
constant high levels of antibody are required for 
protection. A i response to an HPV encoded T-epitope is 
15 also critical iif antibody independent T-cell immunity is 
required for prcotection. 

Immuniisation of mice with whole HPV 16 E7 
produced as aa recombinant fusion protein with MS 2 
replicase in bbacteria, primed for subsequent in vitro 
20 challenge with i 8Q. The magnitude of the response, 
however; was cconsistently lower and less reproducible 
than priming wiith peptide. Why whole E7 protein primes 
for 8Q peptide less well than 8Q primes for 8Q was not 
addressed in ■ this study but presumably relates to 
2 5 processing and presentation of fragments of the priming 
antigen to the i immune system. 

A vacccine for prophylactic and therapeutic use 
to eradicate HPV infection is desirable, since 
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destructive elimination of all virus infection does not 
appear technically feasible and no specific anti-viral 
agent is availahble. 'Attenuated' HPV alone is unlikely 
to prove sucessfful as a potential vaccine because of its 
5 extremely restricted host cell range and its constitutive 
lack of infectiv.vity. Furthermore, the use of live HPV to 
vaccinate is outt of the question because of the inherent 
risk that putatiive HPV oncogenes will integrate into host 
cell DNA. in anny case, this approach is precluded since 
there is no tisssue culture or animal system for producing 
large amounts off whole HPV. The development of a peptide 
vaccine reguiress the delineation of B- and T-epitopes 
within ORF pepbtides recognised by the host's immune 
system, and tthe interaction between the epitope 
responsive cellis resulting in specific antibody and 
cytotoxic effecttors. Our group has recently defined 
immunodominant EB-epitopes in HPV 16 E7 and HPV 18 E7 
peptides (Tindlej et al 1990 J. Gen. Virol. 71, 1347-1354, 
Tindle et al 19990 Peptide Res. 3, 162-166, Selvey et al 
20 1990 J. Immunol. . 145 , 3105-3110). 

T-epitcope DRAHYNI was identified initially by 
priming mice in vivo with mixtures of overlapping 11-20 
mer peptides sppanning the entire putative HPV16 E7 
protein as transslated from DNA (Seedorf et al 1985} and 
25 challenging cellis from draining lymph nodes in vitro with/ 
individual peptiides. Studies with other viruses have 
shown convincingly that T-epitopes. relevant to infection 
with native viruus can be defined by synthetic peptides 
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using a similaur strategy (Gao et al 1989 J. Immunol. 143 , 
3009-3014), (ITownsend et al 1986 Cell 44_, 959-968), 
Nicholas et all 1989 J. Immunol. 143 , 2790-2796), Van de 
Zee et al 1989)1) . 

To tthe best of our knowledge the studies 
reported here describe the first functional T-helper 
epitope withinn the ORF proteins of anogenital HPVs . 
Basic immunoloogical studies such as those reported here 
and our previouus study (Tindle et al Peptide Research 3, 
162-166 1990) ; are required to lay the foundation of an 
informed vacciine strategy. DRAHYNI is a Th cell 

stimulating eppitope which can be used for eliciting 
cognate interacction between T- and B- lymphocytes for the 
production of c antibody against whole E7 protein. Using 
15 these -criteria DRAHYNI is suitable for inclusion into a 
synthetic subunnit vaccine for anogenital HPV. 

The experiments discussed above were all 
applied to matice. It is now evident from other 

experiments ( iee . the DAY ZERO PROLIFERATIVE ASSAY) that 
have taken plac.ce that peptides containing the DRAHYNI T- 
epitope elicitt proliferation in human subjects of 
haplotypes DR3 3, DRW8 and DR2 , DRW12. The precise 

restriction eleement has as yet not been mapped but it is 
significant thafet DR2 covers 26% and DR3 covers 21% of the 
2 5 caucasoid population. While in man the epitope therefore 

shows greater i restriction than in mouse it would still 
seem to be wideily applicable. 

It will! be appreciated from the foregoing that 
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the peptides oof the invention can be made synthetically 
using standardd techniques well known to the skilled 
chemist. However it should be emphasised that the 
peptides of t the invention can also be produced by 
5 recombinant DNNA methods as will also be known to the 
skilled addresssee . 
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TABLE 1 

Mapping the minimal T-prol H i -frerative epitope ±r\ the 8Q peptide of 
HPV16 E7 



Challenge Pe pLLi de 



DesianatzLcn 



Position 



Seouence 



Stimulaticn Index 1 



B6 


44-50 


B16 


44-51 


B17 


44-52 


B7 


44-54 


BIO 


44-56 


B8 


44-57 


'B9 


44-60 


Bl 


54-62 


B2 


51-62 


B14 


50-62 


B15 


49-62 


B3 


48-62 


B4 


45-62 


8Q 


44-62 



QAEFDRA 

QAEFDRAH 

QAEFDRAHY 



QAEEjDRAIKNI 

QAESRAH2NIVTF 
QAESRAHSNIjVTFDCK 



IVi'irCLKCD 
H^NIVTFCQCCD 
AH^NTVTFCCKCD 



i 1 

AH^RAHYNWTFCCK3CD 



1.3 
1.0 
1.1 



18.1 
23.8 
27.4 
37.2 



1.7 
2.6 
0.9 
0.7 



29.8 
25.2 
31.7 
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TABLE 3 

STRUUCTURE OF PEPTIDES GF101 - GF109 

GF101 Net Charge 

MHGDTPTLHEYMLDLCiQPE 18AA 2- 

Y 

GF102 

HEYMLDLQPETTDLYffCYE 18AA 4 " 

Y Y 

GF103 

PETTDLYCYEQIiNDSSSEEEDE 2 1AA 9 - 

Y » 

GF104 

YEQLNDSSEEEDEIDOGPAG 19AA °~ 

b 

GF105 

EI DGPAGQAEPDRAHHYNI 1 8AA 2 - 

GF106 

GQAEPDRAHYNIVTFFCCKCD 2 0 AA 0 

GF107 

I VTFCCKCDSTLRIiCTDVQST 1 9AA 1 + 

GF108 

DSTLRLCVQSTHVDIHRTLE 19AA ° 

GF109 

THVDIRTLEDLLMGTIFIiGIVCPICSQK 26AA ° 
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TABLE 4 



CONCENTRATIONS 

Cells challengeed 
with 



106/8Q 


2 //g/ml 


20 /zg/ml 


20 /zg/ml 
+ PHA 


PHA 
alone 


Controls 


Te'et Tox 
poositive 


Kedia 
negative 


media 
negativ 




101-103 


2 /zg/ml 


20 /zg/ml 


20/zg/ml 
+ PHA 




104-106 


ii 




» 




107-109 
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TABLE 5 

STIMULATION INDICED PRODUCED BY CELLS REPEATEDLY 
STIMULAATED WITH VARIOUS PEPTIDE COMBINATIONS 



Subject 


Peptidde 
Groups 3 
101-1033 


104-106 


107-109 


106 


Control 
Positive 
Pinal 
Stimula- 
tion with 
PHA 


NOELA DAY 
0 

DR3 20 
DRll 27 


4.8 


4. 1 


- 


- 


11.0 
252. 1 
67.5 


IAN DAY 
DR4 0 
DR7 20 
27 


3.6 


3.7 


- 


- 


62.2 
180.2 
10.4 


JOE DAY 
0 

DR2 20 
DRW 12 2 7 


3. 13 I 


2. 1 
8. 1 


556.2 


2. 1 


2.0 
251 .6 
475.7 


JULIA DAY 
0 

DR1 20 
DR4 2 7 


2.9 
2.2 


- 


2.26 
10.6 


- 


1.94 
229.3 
193. 1 


0 

DR2 20 
DRW 9 NA 


2. 1 


- 


- 


- 


32.5 
671.9 
165 . 9 


DAVIDSON 
0 

DR3 20 
DRW8 NA 


* * * 

5.9/4,44 
9.2 
2.0 


7.1/5.3 


4.3/2.8 


2.8/2.4 
2.6 *** 


20.9 
31.4 
4.3 


TREVOR 

0 

DR4 20 
DRW 6 2 7 






19 . 9 




222 . 8 


BRAD 

0 

DR3 2 0 
DRW6 2 7 










151.8 



■ 
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Table 6 



^STbTS ant ^ ig9n dGhVery system on the tumoral immune response to the 



Delivery 
system*" 

CFA 
ISCOM 
ISCOM 
Saline 



Antigen#i# ug peptide 



BT5 . 100 

BT 5/LAPF20 -20 
BT5 20 
BT5/LAPP20 20 



7Q 



Number of mice with measureable 
antibody to 

16E7/MS2 18E7/MS2 



2/2 


2/2 


0/2 


2/3 


2/3 


0/3 


0/2 


0/2 


0/2 


0/4 


ND 


ND 



* Mice immunized on < day 0 and day 21, and bied on dav 35 
See methods 

No antibodies were ddetected In the first bleed which was done on day 21. 
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Table 7 



Total protein at each i step 

1) . After giutaraidehyctrde 
treatment and dialylysis 

2) . After ISCOM prepp- and 
dialysis, and remova/al 

of the precipitate 

3) . After uttracentifugajation to 
to remove unbound j peptide 
from ISCOMs 



Peptide used which is treated with glutaraldehyde 
BT5/LAP20 BT5 GF23/LAP20 GF23 



600ug 
334ug 

15.6ug 



600ug 125ug 



145ug 56ug 

(164ug) 



9.9ug 15ug 



125ug 



36ug 
(153ug) 



16ug 
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Legend 
Figure 1 

5 

A. The sset of overlapping peptides (termed 2Q-12Q) 

spanning the puutative HPV16 E7 protein, used to locate 
the position c of T-proliferative epitopes (see text). 
Linear B-epitopoes defined by monoclonal antibodies 8F, 4F 
10 and 10F (Tindlle et al 1990) are boxed. Underlining 
denotes the possitions of putative T-epitopes as predicted 
by Rothbard Crjr) and DeLisi & Berzofsky (b) algorithms 
respectively. 

15 B. Lymph i Node Cell (LNC) proliferation assay. LNC 

from C57B1/6 miice immunised with equimolar mixes in CFA 
of Cpanel a) peeptides 2Q-5Q inclusive, (panel b) peptides 
6Q-9Q inclusive i and (panel c) peptides 10Q-12Q inclusive 
(3 mice per grooup, cells pooled) were challenged in vitro 

20 with 20 ug/ml oor 2 ug/ml of individual peptides 2Q-12Q. 

Background (no added Ag. ) was 845 ± 90 cpm for 23Q-5Q 
immunised mice, . 1277 +_ 330 cpm for 6Q-9Q mice, and 1190 
312 for 10Q - * 12Q mice, and was subtracted from the 
results with peeptide. Results are shown as arithmetic 

25 mean of triplidcate wells. A positive control of PPD 
challenged LNC ggave 168, 849 ± 8,346 cpm. 
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Legend 
Figure 2 

5 

The in vitro > proliferative response (panels A-C) and 
lymphokine prroduction (panel D) of LNC from mice 
immunised 8 daays previously with HPV16 E7 or E7 peptides, 
and challenged! with HPV16 E7 or various E7 peptides, 

10 

A. LNC : from congenic mice (3 mice per group, cells 
pooled) immunlised with an equimolar mix of peptides 8Q 
and 6Q were chhallenged with various concentrations of 8Q 
(open symbols) \ or 6Q (closed symbols). 

15 , B10.D2 (I-AV* E d); , BIO. A (I-A a I-E a ); , BIO, BR (I-A k I- 

E k ); 

BIO. A (2RR) (I-A k I-E d ); ,B10.A (4R) (I-A k I-E b ) . 
Background cpmm (no added antigen) and PPD response were 
2,638 and 88,1105 for B10.D2; 7,854 and 75,061 for BIO. A; 

20 2.600 and 93,5503 for BIO. BR; 1,091 and 88,721 for B10. A 

(2R); and 2,6000 and 93,376 for B10,A(4R) . No response to 
peptide 8Q wass seen in ' sham' -immunised mice (RPMI plus 
adjuvant) exceept in BIO. A and B10.A9 (2R) mice which 
recorded 15,4337 and 18,972 cpm. and 5,623 and 8,747 cpm 

25 at 8Q peptidde concentrations of 9 and 27 ug/ml 
respectively. 

B. LNC : from 8Q or ' sham' -immunised B10A(2R) mice 
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(5 per group) were challenged worth 16 or 64 ug/ml of 
HPV16 E7 FP, oxtr 2 or 8 ug/ml of 8Q. The HPV16 E7 and 8Q 
challenge dosess were approximately eguimolar for the 8Q 
sequence. Backkground controls (no added antigen) and PPD 
5 controls were 11269 cpm and 98,775 cpm. respectively. 

C. B10.AA (2R) mice were immunised with 100 ug 
HPV16 E7 FP orr RPMI ('sham') (5 mice per group) and LNC 
were challengeed with 0.1, 1.0 and 10 ug/ml of 8Q. 

10 Background coniitrols (no added Ag) and PPD controls were 
361 cpm. and I 68,872 cpm, respectively for HPV16 E7 FP 
immunised mice. . 

D. 4 Grcoups of 3 B10.A(4R) mice were immunised 
15 with 50 ug of (eguimolar mixtures of peptides 2Q-5Q inc., 

6Q-9Q inc., 100Q-12Q inc. or PBS in CFA ('sham'). LNC 
from each groujip were pooled and challenged with each of 
the peptides att 67 and 6.7 ug/ml individually in separate 
wells (3 wells s per concentration per peptide). Culture 

20 supernatants weere harvested 3 days later and added at 1 : 2 

dilution to HT-*-2 cells. The HT-2 cells were pulsed 42-44 - 
h. later for ■ 6 h. with S H -thymidine , harvested and 
counted. For < clarity, only data on LNC from mice primed 
with peptide miiixture 6Q- 9Q and challenged with 6Q, 7Q, 8Q 

25 and 9Q are shov>wn. (Data now shown: Supernatants of LNCs 
from mice prrimed with 2Q-5Q, 10Q-12Q or PBS and 
challenged withh each of the peptides individually failed 
to stimulate cell division) . Background, with RPMI 
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added to HT-2 < cells in place of supernatants was 1,870 
720 cpm. 
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Legend 
Figure 3 . 

5 

Immunisation wwith peptide 8Q primed mice for in vivo 
challenge withh HPV16 E7 produced from a recombinant 
vaccinia virus,:. 

10 Five groups off 6 mice were immunised with 50-100 ug of 
eguimolar mixtfcures of peptides 2Q-5Q inc., 6Q-9Q inc., 
10Q-12Q inc., ■ or 8Q alone, or PBS in CFA ('sham'). 3% 
weeks later, each group was divided; 3 mice were 
challenged witfch VAC-E7, the other 3 with WR-VAC. Sera 

15 were collectedd after a further 8 and 13 days, and 
antibody to HPW16.E7 FP and peptides 8Q (containing QAEPD 
B-epitope), 2 2Q (containing EYMLD B-epitope), 6Q 
(containing IDDGP B-epitope) or 12Q (containing no B- 
epitope) was aassessed by ELISA. For clarity, only ELISA 

20 results on poooled 8 day sera from 8Q primed mice (0,#) 
and 'sham' priimed mice (V, ) challenged with VAC-E7 (0, 
), or WR-VAC 1(0, ), on (panel A) HPV16 E7 FP, or (panel 
B) peptide 8Q * are shown. (Data not shown: Sera from 8Q 
primed mice chhallenged with VAC E7 or WR-VAC did not 

25 react with 2Q, 6Q or 12Q peptides. Sera from mice primed 
with 2Q-5Q, or: 10-12Q and challenged with VAC E7 or WR- 
VAC did not reaact with peptides 2Q, 6Q, 8Q or 12Q or with 
HPV16 E7 FP. Sera from mice immunised with 6Q-9Q and 
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infected witfch VAC-E7 or WR-VAC showed a reactivity 
pattern identttical to mice immunised with 8Q alone. 
Results on 13 3 day sera were similar to those shown for 8 
day sera) . 
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Legend 
5 Figure 4 . 

Sera from BIO ...A (2R) mice immunised with peptide 8Q (O) 
or control pepptide 3Q ( ) in CFA were assayed by ELISA 
for antibody tto (panel A) peptide 8Q, (panel B) peptide 

10 7Q, (panel C) peptide 6Q, (panel D) HPV16 E7 FP . Data 
points are arrithmetic means (± standard deviation) of 
sera collectedd individually from 3 mice. (Data not 
shown: For pannels A-C fruther negative controls were 1) 
lack of reactiivity of sera from mice immunised with 2Q, 

15 4Q,10Q and PBSS on plates coated with 8Q and 7Q. 2) the 
lack of reactivvity of sera from micr immunised with 8Q on 
plates coated *with peptides 2Q, 4Q and 10Q. For panel D 7 
a further nega^tive control was the lack of reactivity of 
sera from micee immunised with 8Q on plates coated with 

20 HPV16 E6 FP) . 
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Legend 
Table 1. 

5 

1. Lymp'ph node cells from B10.A(2R) mice immunised 

with pep-tide 88Q (3 mice, cells pooled) were challenged in 
vitro with ppeptides as indicated. The cells were 
cultured for < 4 days and proliferation measured by [ 3 H]- 

10 thymidine inccorporation. The data in this table were 
pooled from 4 experiments and proliferation is expressed 
as a stimullation index to normalise for inter- 
experimental ' variation. The stimulation index was 
defined as the a ratio of mean cpm of test wells with added 

15 antigen, to tfche mean cpm of test wells with no added 
antigen. Bacbkground cpm (no added Ag) was within the 
range 3807-54223 . 
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Legend 
Table 2 . 

5 

1. Sera-, from individual mice (at least 3 per 

group) immunissed with the various peptide constructs , 
were reacted oover a range of doubling dilutions 1:64 - 
1:40976 with microtitlre plates to which were bound 

10 peptides 8Q, 7CQ, 6Q, 2Q, 3Q, 12Q or GF13, and HPV16 E7 or 
HPV18 E7, in ELISA assay. indicates no antibody 

detected by 0D 4S14 readings or >1 and <0.1 respectively, at 
a serum dilutioon of 1:512 for peptides and by readings of 
>0 .5 and <0.1 : respectively at a serum dilution of 1:256 

15 for E7 FP. 

2. Sequeences QAEPF, IDGP and EYMLD are 

immunodominant linear B-epitopes in HPV16 E7 proteins 
(Tihdle et all 1990). Sequence DEIDGVNHQHL is an 

20 immunodominant B-epitopic region in HPV18 E7 (Selvey et 
al 1990 J. Immmunol. 145 / 3105-3110). B-epitopes are 

indicated in tfche peptide sequences by , T- 

epitope DRAHYNII by . 

25 3. Sequeences in parentheses indicate B-epitopes 

which the pepticldes contain. 

4. None of the sera reactive with HPV16 E7 FP 
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reacted with HHPV16 E6 FP (negative control) . 

5 . Micee were immunised 2-3x ip with 50 ug peptide 
5 B3 in CFA a tit 2 week intervals followed by a final 

injection of peptide B16. Sera were prepared 3 and 5 
days later. 

6. The full sequence of GF13 is RAHYNI DEIDGVNHQHL . 
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CLAIMS : 

1. A peep-tide including the sequence DRAHYNI and 
structural horomologues thereof which concern a single 
amino acid subbstitution which peptide is linked directly 

5 or indirectly to one or more amino acid sequences which 
correspond to a a B epitope of HPV16 or HPV18. 

2. A peeptide as claimed in claim 1/ wherein the 
structural haomologue is a terminal amino acid 
substitution ir.nvolving D or I . 

10 3. A pepptide including the sequence DRAHYNI linked 

directly or ; indirectly to one or more amino acid 
sequences whicbh correspond to a B epitope of HPV16 or 
HPV18 . 

4. A pepptide as claimed in claim 1 wherein the B 
15 epitopes from I HP VI 5 E7 ORF are selected from QAEPD, IDGP, 

EYMLD or YMLD. 

5 . A pepptide as claimed in claim 1 wherein the B 
epitopes from : HPV18 E7 ORF are selected from DEIDGVNHQL 
and SEENED * 

20 6. A pepptide as claimed in claim 1 selected from 

the following 



Bl - • 


Al - DRAHYNI 


- A2 


B2 - • 


DRAHYNI - B3 




Bl - • 


Al - DRAHYNI 


- A2 - B4 


B2 - ■ 


DRAHYNI - A2 




Al - • 


DRAHYNI - A2 




Al - • 


DRAHYNI - A2 


- B4 


Bl - ■ 


Al - B4 - Al 


- DRAHYNI 
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Bl ■ - Al - B4 - DRAHYNI - B3 - A2 - B5 
Bl - - Al - B4 - B2 - DRAHYNI - A2 
wherein Bl, BB4 and B5 represent B epitope sequences that 
may be linkedd to DRAHYNI indirectly through intervening 
5 sequences of C amino acids which are not B epitopes 
represented fcby Al and A2 and B2 and B3 represent B 
epitope sequesnces linked directly to DRAHYNI including a 
first situatidon wherein the terminal amino acid of the B 
epitope sequesnce and the first amino acid of the DRAHYNI 

10 sequence are merged and a second situation wherein the 
last amino aacid of the DRAHYNI sequence and the first 
amino acid of : the B epitope sequence are also merged. 
7. a ppeptide as claimed in claim 6 having the 

sequence QAEPPDRAHYNI - A2. 

15 8 . A ppeptide as claimed in claim 6 having the 

sequence Al - • DRAHYNI DGP . 

9. a peptide having the sequence 
AQEP DRAHYNI VTPFCCKD . 

10. A peeptide having the sequence QAEPDRAHYNI . 

20 11. A peeptide having the sequence QAEPDRAHYNIVTF . 

12. A peptide having the sequence 
EIDGPAGQAEPDRAAHYNIT . 

13. a peptide having the sequence 
QAEPDRAHYNIDEIIDGVNHQL . 

25 14. A ssubunit HPV vaccine including as a major 

antigenic commponent a peptide including the sequence 
DRAHYNI and I structural homologues thereof which 
homologues conncern a single amino acid substitution which 
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peptide is linnked directly or indirectly to one or more 
amino acid seqquences which correspond to a B epitope of 
HEV16 or HPV18 3. 

15. A suubunit HPV vaccine as claimed in claim 14 
5 wherein the strructural homologue is a terminal amino acid 

substitution iiLnvolviiig D or I . 

16. A suubunit HPV vaccine including as a major 
antigenic compponent a peptide including the sequence 
DRAHYNI and structural homologues thereof which 

10 homologues conacern a single amino acid substitution which 
peptide is linhked directly or indirectly to one or more 
amino acid sequences which correspond to a B epitope of 
HPV16 or HPV18 .S . 

17. A suubunit HPV vaccine as claimed in claim 14 
15 wherein the B l epitopes from HP VI 6 E7 ORF are selected 

from QAEFD, IDGGP, EYMLD or YMLD. 

18. A suubunit HPV vaccine as claimed in claim 14 
wherein the B t epitopes from HPV18 E7 ORF are selected 
from DE I D GVNHQIJI* and SEENED . 

20 19. A suhbunit HPV vaccines as claimed in claim 14 

wherein the pepptide is as defined in claim 4. 

20. A suhbunit HPV vaccine as claimed in claim 14 
wherein the pepptide has the sequence QAEPDRAHYNI - A2. 

21. A suhbunit HPV vaccine as claimed in claim 14 
25 wherein the pepptide has the sequence Al-DRAHNIDGP . 

22. A suhbunit HPV vaccine as claimed in claim 14 
wherein the pepptide has the sequence QAEPDRAHYNIVTFCCKD . 

23. A suhbunit HPV vaccine as claimed in claim 14 
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wherein the pepptide has the sequence QAEPDRAHYNI . 

24. A suubunit HPV vaccine as claimed in claim 14 
wherein the pepptide has the sequence QAEPDRAHYNIVTF . 

25. A suubunit HPV vaccine as claimed in claim 14 
5 wherein the pepptide has the sequence EIDGPAGQAEPDRAHYNIT, 

26. A sulibunit HPV vaccine as claimed in claim 14 
wherein thhe peptide has the sequence 
QAEPDRAHNYI DE I II DGVNHQL . 

27. A sulibunit HPV vaccine as claimed in claim 14 
10 further incluciding as an adjuvant ISCOMS which is 

chemically comhbined to the peptide. 

28. A suubunit HPV vaccine including as a major 
antigenic compponent a peptide which has the sequence 
DRAHYNI . 

15 
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AMENDED CLAIMS 

[received by the 5 International Bureau on 11 May 1992 (11.05.92); 
original claims ; 1-28 replaced by amended claims 1-29 (4 pages)] 

1. A pepptide including the sequence DRAHYNI and 
structural homaologues thereof which concern a single 
amino acid subsBtitution which peptide is linked directly 

5 or indirectly tto one or more amino acid sequences which 
correspond to a t 6 epitope of HPV16 or HPV18. 

2. A pepptide as claimed in claim 1, wherein the 
structural hoiomologue is a terminal amino acid 
substitution involving D or I . 

10 3. A pepttide including the sequence DRAHYNI linked 

directly or iindirectly to one or more amino acid 
sequences whichh correspond to a B epitope of HPV16 or 
HPV18. 

4. A pepttide as claimed in claim 1 wherein the B 
15 epitopes from HHP VI 5 E7 ORF are selected from QAEPD, IDGP, 

EYMLD or YMLD. 

5 . A pepttide as claimed in claim 1 wherein the B 
epitopes from HHP VI 8 E7 ORF are selected from DEIDGVNHQL 
and SEENED . 

20 6. A pepttide as claimed in claim 1 selected from 

the following 

Bl - 2A1 - DRAHYNI - A2 

B2 - E DRAHYNI - B3 

Bl - J.A1 - DRAHYNI - A2 - B4 
25 B2 - r DRAHYNI - A2 

Al - I DRAHYNI - A2 

Al - I DRAHYNI - A2 - B4 * 

Bl - iAl - B4 - Al - DRAHYNI - A2 
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Bl - • Al - B4 - DRAHYNI - B3 - A2 - B5 
Bl - • Al - B4 - B2 - DRAHYNI - A2 
wherein Bl, B4 4 and B5 represent B epitope sequences that 
may be linked . to DRAHYNI indirectly through intervening 
5 sequences of amino acids which are not B epitopes 
represented byy Al and A2 and B2 and B3 represent B 
epitope sequenoces linked directly to DRAHYNI including a 
first situationn wherein the terminal amino acid of the B 
epitope sequenace and the first amino acid of the DRAHYNI 

10 sequence are nimerged and a second situation wherein the 
last amino aciid of the DRAHYNI sequence and the first 
amino acid of tthe B epitope sequence are also merged. 
7. a peeptide as claimed in claim 6 having the 

sequence QAEPDBRAHYNI - A2. 

15 8. A peeptide as claimed in claim 6 having the 

sequence Al - D DRAHYNI DGP . 

9. a peptide having the sequence 
AQEPDRAHYNIVTFCCCKD . 

10. A pepptide having the sequence QAEPDRAHYNI . 

20 11. A pepptide having the sequence QAEPDRAHYNIVTF . 

12. A peptide having the sequence 
E I D GP AG Q AEP D RAHH YNI T . 

13. a peptide having the sequence 
QAE PDRAH YNI DE I D DGVNHQL . 

25 14. A suubunit HPV vaccine including as a major 

antigenic compponent a peptide including the sequence 
DRAHYNI and structural homologues thereof which 
homologues conacem a single amino acid substitution which 
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peptide is linhked directly or indirectly to one or more 
amino acid sequences which correspond to a B epitope of 
HFV16 or HFV18. . 

15. A suhhunit HPV vaccine as claimed in claim 14 
5 wherein the strructural homologue is a terminal amino acid 

substitution innvolving D or I. 

16. A suhhunit HPV vaccine as claimed in claim 14 
wherein the B epitopes from HPV16 E7 ORF are selected 
from QAEFD, IDGEP, EYMLD or YMLD * 

10 17. A subbunit HPV vaccine as claimed in claim 14 

wherein the B epitopes from HPV 18 E7 ORF are selected 
from DEIDGVNHQL li and SEENED . 





18. 


A 


subbunit 


HPV vaccines as 


claimed in claim 


14 




wherein 


the 


pepttide 


is as defined in 


claim 4. 




15 


19. 


A 


subbunit 


HPV vaccine as 


claimed in claim 


14 




wherein 


the 


pepttide 


has the sequence 


QAEPDRAHYNI - A2 . 






20, 


A 


subbunit 


HPV vac c ine a s 


claimed in claim 


14 




wherein 


the 


pepttide 


has the sequence 


Al-DRAHNIDGP. 






21. 


A 


subbunit 


HPV va c c ine a s 


claimed in claim 


14 


20 


wherein 


the 


pepttide has the sequence 


QAEPDRAHYNIVTFCCKD 






22. 


A 


subbunit 


HPV vaccine as 


claimed in claim 


14 




wherein 


the 


pepttide 


has the sequence 


QAEPDRAHYNI . 






23 . 


A 


subbunit 


HPV vaccine as 


claimed in claim 


14 




wherein 


the 


pepttide 


has the sequence 


QAEPDRAHYNIVTF . 




25 


24. 


A 


subbunit 


HPV vaccine as 


claimed in claim 


14 




wherein 


the 


pepttide 


has the sequence 


EIDGPAGQAEPDRAHYNIT . 




25. 


A 


subbunit 


HPV vaccine as 


claimed in claim 


14 




where in 


thee 


peptide has 


the sequence 
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QAEPDRAHNYIDEIEDGVNHQL . 

26 • A suubunit HPV vaccine as claimed in claim 14 

further incluuding as an adjuvant ISCOMS which is 
chemically comJnbined to the peptide. 

27- A suubunit HPV vaccine including as a major 

antigenic compponent a peptide which has the sequence 
DRAHYNI . 

28 • A pepptide including the sequence DRAHYNI which 

is the minimmal T helper cell proliferative epitope 
corresponding 1 to residues 48-54 of the HPV16 E7 ORP which 
is linked to one or more amino acid sequences which 
correspond to a a B epitope of HPV 16 or HPV 18 E7 ORF. 
2 9. A suubunit HPV vaccine including as a major 

antigenic compoonent the peptide of claim 29. 
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